Introduction
Edible plants have been reported to have antimicrobial and antioxidant properties for centuries, and indigenous plants have been used in herbal medicine to cure various diseases 1 . Many kinds of diseases have been treated with herbal remedies since ancient times. Herbal remedies are still being used extensively in many countries. Therefore, research on biologically active extracts and compounds from natural sources has been of great interest to scientists in an attempt to discover new sources for drugs that may be useful in combating infectious diseases 2 . In recent years, there has been a resurgence of interest in evaluating plants possessing antibacterial activities for various diseases 3, 4 . A number of studies dealing with antimicrobial screening of extracts plants have been conducted 2, 3, 5 .
Current research on free radicals confirms the essential role played by rich foods in antioxidants in the prevention of cardiovascular diseases and cancers, neurodegenerative diseases, including Parkinson s, Alzheimer s diseases and inflammation problems of aging cutaneous cells 3 . Antioxidants are of great importance in terms of oxidative stress prevention, which may result from several degenerative diseases 6 . Many fruits and vegetables are potentially useful for risk decrease of several chronic diseases, such as coronary heart disease and some cancers 7, 8 . These protective effects have been particularly attributed to various antioxidant compounds, such as vitamins C and E, carotene and polyphenolic compounds 9 . Leaves and fruits of many edible plants has been important for most human cultures 1 , and especially in the Mediterranean region, making an important contribution to the health of local communities. The leaves of edible plants have been medicinally used in the Mediterranean for its antiseptic, diuretic and laxative effects and also to treat cardiovascular pathologies such as arterial hypertension atherosclerosis and thrombosis 10 .
Bioactive compounds such as polyphenols, aromatic acids, iridoids, monoterpenoids, phenylpropanoids, sterols, triterpenoids and flavonoids present in many leaves and peel edible plants, may explain its pharmacological activity 10 .
Investigations dealing with the richness of useful bioactive molecules from peel vegetables or fruits are still unknown. The peel of pea Pisumm sativum has been used extensively in the folk medicine of our country in Tunisia . In addition, at the author s knowledge, no available informa-tion concerning bioactive compounds from the peel of pea Pisum sativum was published. Therefore, the aim of the present work was to evaluate in vitro antimicrobial and antioxidant activities of solvents extracts of peel of pea Pisum sativum .
Materials and Methods

Reagents
The 1,1-Diphenyl-2-picrylhydrazyl DPPH , butylatedhydroxytoluene BHT , 2,2 azinobis 3-ethylbenzo-thiozoline-6-sulfonic acid disodium salt ABTS , 6-hydroxy-2,5,7,8-tetra-methylchroman-2-carboxylic acid Trolox , potassium ferrycianide, ferric chloride and trichloro acetic acid TCA were purchased from Sigma Chemical Co. St. Louis, MO, USA . All other chemicals, namely sodium hydroxide, Folin-Ciocalteu reagent, sodium carbonate and other solvents, were of analytical grade. All solutions were freshly prepared in distilled water and all reagents were of analytical grade.
Preparation of extracts
The compounds of the dried powder of green peel of Pisum sativum were extracted by maceration by adding solvents with increasing polarity: ethyl acetate, methanol and water. Firstly, the powder was extracted by stirring with 250 ml ethyl acetate at 37 for 24 h. The extract was filtered through Whatman filter paper. The filtered was evaporated to dryness under reduced pressure in a rotatory vacuum evaporator. The remaining residues were successively extracted with ethyl acetate, methanol and water under the same conditions. The extracts, from each solvent, were concentrated by rotary evaporator and the water extract was freeze-dried. The dried sample of each extract was weighed. The dried extracts were kept at 4 until further analysis.
Total phenolic content TPC
The content of total phenolic compounds in crude extracts was determined using the Folin-Ciocalteu reagent method 11 with some modifications. In the test tube, 200 µl of each extract was mixed with 500 µl of Folin Cioaclteu reagent. Then, 500 µl of sodium carbonate solution 75 g/l was added and the volume was adjusted to 5 ml with distilled water. The mixture was allowed to stand for 30 min in the dark. The absorbance was measured at 760 nm. Total phenolic contents values were expressed as mg gallic acid equivalents/g extract against a blank.
Total avonoids contents
Total flavonoids were estimated by using a spectrophotometric assay colorimetric method previously described 12 with slide modifications. Each extract 50 µl was mixed with water 500 µl and 200 µl sodium nitrite 150 g/l . After 6 min of agitation, 100 µl of aluminium chloride 100 g/l was added. Then the mixture was incubated for 5 min before 1 ml of 40 g/l NaOH solution was added. The mixture was diluted to final volume of 2.5 ml with distilled water and mixed throughly. The absorbance was measured at 510 nm. Quercetin was used to make the calibration curve. Total flavonoid content was expressed as mg quercetin equivalent QE /g dried extract.
Antioxidant activity 2.5.1 Scavenging of DPPH radicals
The scavenging effect of phenolic compounds in peel of the green pea crude extracts was monitored as previously described 13 with slide modifications. 500 µl of extracts at different concentrations 100-1000 µg/ml was added to test tube containing 375 µl of methanol and 125 µl of a DPPH methanolic solution 0.2 mM . The contents were mixed for 1 min, left to stand in the dark at room temperature for 30 min. The BHT was used as a positive control. Scavenging activity of the solution was measured at 517 nm. The assay was replicated three times for each sample.
ABTS assay ABTS
. assay was carried out by following the method described 14 with some modifications. The stock solution was prepared by mixing 7 mM ABTS and 2.45 mM potassium persulfate in equal volume and allowing to reacting for 12 h at room temperature in the dark. The solution was then diluted in ethanol to give an absorbance of 0.7 at 734 nm. For the reaction, 3 ml of solution was added to 0.1 ml of the test sample with various concentrations 100-1000 µg/ml and mixed vigorously. The absorbance was measured at 734 nm after standing for 6 min. The standard curve was obtained using Trolox as standard. Results are expressed in mM Trolox equivalents TE /g extract mass.
Results are expressed in mM Trolox equivalents TE /g extract 2.5.3 Reducing activity The reducing powers of different extracts were determined by using the followed method 15 . Sample solutions 0.5 ml with different concentrations of extracts were mixed with 1.25 ml of 0.2 M phosphate buffer pH 6.6 and 1.25 ml of 10 g/l potassium ferricyanide solution. The mixtures were incubated for 30 min at 50 . After incubation, 1.25 ml of 100 g/l trichloroacetic acid was added and the reaction mixtures were centrifuged for 10 min at 3000 g. A 1.25 ml aliquot of the supernatant from each sample mixture was mixed with 1.25 ml of distilled water and 0.25 ml of 1.0 g/l ferric chloride solution in a test tube. After a 10 min reaction time, the absorbance was measured at 700 nm. Higher absorbance of the reaction mixture indicated higher reducing power. Values presented are the means of triplicate analyses. Antimicrobial activity was performed according to the method previously described 16 . The peels of pea extracts were dissolved at 100 mg/ml in 100 dimethyl sulfoxide DMSO . Culture suspension 200 µl of the tested microorganisms was spread on Muller-Hinton agar and PDA medium, respectively. Sterile filter paper disks Oxoid, England, 6 mm diameter were impregnated with 50 µl of the extracts 100 mg/ml , left to be dried and then placed on the surface of the inoculated agar plates. DMSO served as the negative control while chloramphenicol and gentamycin were used as positive references for bacteria and fungi, respectively. The plates were kept firstly for 2 h in refrigerator to enable prediffusion of the extracts into the agar and then the Petri dishes were incubatedat 37 for 24 h. Antibacterial activity was determined by measuring the diameter of the clear zones of inhibition in millimeters. 2.6.3 Determination of the minimal inhibitory concentration MIC Minimum inhibitory concentration was determined by micro-well dilution method previously described 17 . Extracts were dissolved at 100 mg/ml in 100 DMSO and then dilution series were prepared in a 96-well dilution microplate. The chloromphenicol was included as reference in each assay. Extract-free solution was used as a blank control. Each well of the microplates included 40 µl of the growth medium, 10 µl of the inoculum 10 6 cfu/ml and 50
µl of the diluted sample extracts. After that, the microplates were incubated overnight at 37 . As an indicator of microorganisms growth, 40 µl of p-iodonitrotetrazolium violet INT dissolved in water were added to the wells and incubated at 37 for 30 min. The colorless tetrazolium salt acts as an electron acceptor and is reduced to a red-coloured formazan product by biologically active organisms 17 .
The lowest concentration of the extract that produced no visible bacterial growth no turbidity when compared with the control was regarded as MIC. The determination of MIC values was done in triplicate.
Inhibition of α-amylase
The effect of extracts and fractions on amylase activity was determined by the agar disc diffusion method 18 .
Starch hydrolysis assay was performed on plates composed of 1 w/v starch dispersed in 1.5 agar. A bores 3 mm depth, 4 mm diameter were made using a sterile boarer and were loaded with 50 µl of α-amylase from Bacilus subtilis with or without extracts. After incubation at 37 for 72 h, starch plates were stained by flooding with iodine solution 5 mM I 2 in 3 KI for 15 min at room temperature. Iodine was removed from the plates by washing with distilled water. Amylase activity was determined by observing the zone diameter of hydrolyzed areas around the wells. The IC 50 value for α-amylase inhibitory activity was determined according to a previous described method 19 with some modifications. Fifty microliters of sample were reacted with 250 µl of 1 U/ml α-amylase from Bacillus subtilis Sigma Aldrich and 450 µl of 0.02 M sodium phosphate buffer pH 6.9 . After pre-incubation at 37 for 10 min, 500 µl of a 0.5 starch solution in 0.02 M sodium phosphate buffer pH 7.0 were added to each tube. The reaction was incubated at 37 for 20 min and then stopped with 3 ml of 3,5-dinitrosalicylic acid color reagent. The test tubes were then incubated in a heating block for 5 min and then the absorbance was measured at 540 nm.
Results and Discussion
Extraction yield and total phenolic contents
The yields values obtained for the different extracts were resumed in the showed that water is the most suitable solvent for extraction of phenolic compounds from Pleurotus citrinopileatus. Whereas, it differed from the authors reports 21, 22 which proved that the methanol is the most suitable solvent for extraction of phenolic compounds. Total flavonoid content of the ethyl acetate, methanol, and water fractions were 22 0.9, 3.5 0.05 and 0.5 0.05 mg/g of dry weight of extract, respectively. Similarly, the amount of total phenolic content of the ethyl acetate, methanol, and water fractions were 67.5 1.0, 62.5 0.8, and 8.75 0.4 mg/g of dry weight of extract, respectively. As shown in Table 1 , Total flavonoid and phenolic contents in the ethyl acetate fraction were the highest among the three fractions. These results are in good agreement with previous studies on other plant materials, like Cinnamomumos mophloeum twigs 23 .
Antioxidant activity 3.2.1 Antioxidant activity using DPPH and ABTS assays
The scavenging ability of BHT and various extracts is shown in Table 2 . It can be observed that the methanol and ethyl acetate fractions exhibited stronger scavenging ability at all the tested concentrations. The methanol fraction showed a slightly weaker scavenging ability. The water fraction exhibited poor scavenging. In fact, the IC 50 was equivalent to 350 µg/ml and 650 µg/ml for ethyl acetate and methanol extracts, respectively. BHT showed the highest scavenging ability Table 2 .
ABTS is one of the radicals generally used for testing the preliminary radical scavenging activity of a compound or plants extracts. The ABTS . , generated from oxidation of ABTS by potassium persulfate, is presented as an excellent tool for determining the antioxidant activity of hydrogendonating anti-oxidants scavengers of aqueous phase radicals 24 . The ABTS .
scavenging ability reported as Trolox equivalent antioxidant capacity TEAC was presented in Table 2 . The results revealed that the IC 50 of ethyl acetate extract 9.6 1.1 µmol TEAC/g was higher than that of the methanol extract 1.9 0.5 µmol TEAC/g . This result is due to the richness of ethyl acetate and methanol extracts with antioxidants compounds comparing to the water extract. There s no report about the antioxidant activity of peel of green pea, but it was well demonstrated that their seeds exhibited high radical scavenging activity 25 .
Ferric reducing/antioxidant power FRAP
The reducing power assay is often used to evaluate the ability of natural antioxidant to donate an electron or hydrogen 26 . Different studies have reported that there is a direct correlation between antioxidant activities and reducing power of certain bioactive compounds. It has been widely accepted that the higher the absorbance at 700 nm, the greater is the reducing power. In this study, the ability of the peel pea extracts, and BHT as a positive control, to reduce Fe 3 to Fe 2 was determined. As shown in Fig. 1 , the reducing capacity of peel of pea extracts differed significantly in their activity. In fact, the reducing powers of BHT, methanol, water and ethyl acetate extracts, at a concentration of 2 mg/ml, were 1.32, 0.36 and 1.84, respectively. Previous studies showed that ethanol 70 was the best solvent for FRAP antioxidant assay of yellow pea and green 
α-Amylase inhibition activity
The α-amylase is an important enzyme in the digestive system and catalyzes the initial step in the hydrolysis of starch, which is a principal source of glucose in the diet 28 .
The control of this enzyme is an important factor in post prandial hyperglycemia, which is linked to the onset of type 2 DM. The inhibitory effects of the extracts derived from peel pea extracts on α-amylase were investigated and the results are shown in Fig. 2 . Whereas, the ethyl acetate extract showed significantly higher inhibitory activity compared to control untreated. In fact, the inhibitory effects of ethyl and methanol extracts were 90 4.5 and 35.3 2.12, respectively, at 1 mg/ml which was the highest concentration tested. Consequently, we can conclude that ethyl acetate extract which contain a large amounts of flavonoids and phenolic compounds exhibit α-amylase inhibition activity. The results of our experiments seemed to agree with finding which was reported that some flavonoids, such as rutin, myricetin, kaempferol and quercetin, have been previously reported to inhibit α-glucosidase and α-amylase. These flavonoids exhibit both hypoglycemic and antioxidant effects in diabetic animals 29, 30 . This result is in contrast with those of previous studies, which have demonstrated that plant-derived phenolic phytochemicals have lower α-amylase inhibitory activity and stronger inhibition potential against α-glucosidase 31 33 .
Antibacterial activity
Many studies have shown the antibacterial and antifungal activity of protein extracted from the seeds of pea 27 .
Literature strongly supports that plant with high polyphenols and flavonoids contents display antimicrobial properties. The antibacterial activity of peel pea extracts was tested against Gram-positive S. aureus and Gram-negative E. coli, P. aeruginosa and S. entertica bacteria. As can be seen in Table 3 , the ethyl acetate extract was found to be the most effective and exhibited different degrees of antibacterial activity against most of the Gram-positive and Gram negative bacteria tested, followed by the methanol extract. The most susceptible bacteria for the ethyl acetate extract was P. aeruginosa, with MIC values of 350 µg/ml. Whereas, the highest MIC value was occurred with E. coli 850 µg/ml when using ethyl acetate extract. Various concentrations of extracts were incubated for 10 min with α-amylase solution. After pre-incubation, 1% starch solution was added to each tube. The reaction mixtures were then incubated at 25℃ for 10 min. The reaction was stopped with 1.0 ml of dinitrosalicylic acid color reagent.
Antifungal activity
The antifungal activities of the selected plant extracts were tested against two kinds of fungal species, namely C. albicans representing the yeast modal and A. niger representing filamentous fungus. The results of this activity are presented in Table 3 . Among the solvent extracts tested, the ethyl acetate and methanol extract showed an inhibition activity against C. albicans with MIC values of 450 and 750 µg/ml, respectively. However only the ethyl acetate extract displayed activity against A. niger. In this case, Heisey and Gorham have reported that pathogenic fungi are more resistant to plant extracts than pathogenic bacteria. This fact, based on our results was not so confirmed.
Conclusion
In conclusion, our investigation indicated that the peel of pea extracts represent a source of active compounds essentially phenols and flavonoids with antioxidant activity and an in vitro α-amylase inhibitory activity. Also, the ethyl acetate extract showed an antibacterial and antifungal activity. Further studies should be completed to purify the active compounds. Therefore, the present study suggests a basis for the possible use of peel of pea extracts as a traditional folk medicine.
